The Effect of Inorganic Salts on the Ketone Decomposition of Oxaloacetic Acid
By H. A. Krebs, From the Department of Biochemistry, University of Sheffield (Received 24 February 1942) Oxaloacetic acid is known to decompose in aqueous solution into pyruvic acid and CO2.
At pH 4 and 200 the rate of the 'ketone decomposition' varies between 6 and 18 % per hr.
The fact that this 'spontaneous' decomposition shows considerable variations suggests that trace impurities might affect the stability of oxaloacetic acid. Krampitz & Werkman [1941] recently reported that Mg ions accelerate the decomposition; this makes it probable that the impurities in question are inorganic salts. The effects of various salts on the rate of decomposition were -therefore studied. Oxaloacetic acid was prepared from tartaric acid according to the methods of Wohl & Oesterlin [1901] and Wohl & Claussnef [1907] , and recrystallized according to Fenton & Jones [1900] . The rate of decomposition was measured by the manometric determination of the C02 evolution. Table 1 shows that many inorganic salts increase the rate of decomposition. Small quantities, amounting to 0-3 % of the oxaloacetic acid added, are in many cases sufficient to produce a pronounced effect. The effect is thus a catalytic one. The data in Table 1 suggest the following details: MnSO4 6-6 x 10-3 372 NaCl 6-6 x 10-3 49 CdSO4 6-6 x 10-3 223 KCI 6-6 x 10-3 48 FeSO4 -6-6 x 10-8 622 KH2PO4
6-6 x 10-3 47 0-66 x 10-3 389 (1) The catalytically active principle is associated with the cations. Anions are inactive.
(2) Univalent cations (Na, K, Ag) are inactive. slight. Addition of A12(S04)3 (10-2 M) has no appreciable effect. In strongly alkaline solution (pH 13) oxaloacetic acid is equally stable. The optimum rate of decomposition is not sharply defined; it is near pH 4 (Table 2) . It follows that the catalytic effect of the cations is limited to /3-ketonic-dicarboxylic acids. ao-Ketonic-dicarboxylic acids, or /3-ketonic-monocarboxylic acids do not react. Amines, on the other hand, split all /3-ketonic acids [Ljunggren, 1925] and aniline therefore liberates 2 mol. of CO2 from acetonedicarboxylic acid (Table 3) . Qualitative test for oxaloacetie acid. In testing the effect of ions on oxaloacetic acid it was noted that HgNO3 forms a precipitate with oxaloacetic acid which is still distinctly visible when 0-01 mg. oxaloacetic acid, dissolved in 3 ml. water, is mixed with 1 ml. 304 H. A. KREBS CATALYTIC DECOMPOSITION OF OXALOACETIC ACID 305 0-1 N HgNO3. The precipitate is white in dilute solution and dark grey in more concentrated solutions of oxaloacetic acid. It is soluble in HNO3 (unlike mercurous fumarate). It disappears on prolonged standing, or on heating, owing to the ketone decomposition of oxaloacetic acid. Acetonedicarboxylic acid forms a similar precipitate. Pyruvic and a-ketoglutaric acids do not react. The reaction can be used to detect small quantities of oxaloacetic acid in the presence of pyruvic acid, provided that other substances forming insoluble mercurous compounds (e.g. Cl ions) are absent.
Purification of oxaloacetic acid. Efforts to prepare stable solutions of oxaloacetic acid by repeated recrystallization or by treatment of the solutions with metal-binding reagents (dithizone; 8-hydroxyquinoline) were unsuccessful. Under the test conditions (0-2 M acetate buffer pH 4 0; 200; 0X02 M oxaloacetic acid) the rate of decomposition did not fall below 6 % per hour. It would therefore appear that the 'spontaneous' ketone decomposition of oxaloacetic acid is partly due to the inherent instability of the grouping R.CO.CH2.COOH.
DIscUSSION
Two different types of catalysts-amines and multivalent cations-are now known to, decompose ketonic acids; the former react with .all f-ketonic acids and in certain cases with ox-ketonic acids [Langenbeck, 1933] ; the latter only with f-ketonic-dicarboxylic acids.
The catalysts concerned with these reactions in biological systems seem to involve cocarboxylase (an amine) and/or Mg (a divalent cation) [see Krampitz & Werkman, 1941] . Details of the biological mechanisms are still obscure; it may well be that forces similar to those acting in the 'model' systems are effective in the biological systems. 
